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In t roduct ion  

In t h e  pas t ,  underground coa l  conversion processes  were uneconomical i n  
comparison w i t h  cheap energy a l t e r n a t i v e s  o r  not f e a s i b l e  technica l ly .  
changes i n  technology and economlcs may have improved the  f e a s i b i l i t y  of under- 
ground c o a l  conversion. The s e l l i n g  p r i c e s  of conventional f o s s i l  f u e l s  have been 
r i s i n g  because of r e s t r i c t e d  supply and increas ing  demand. The p r i c e  increases  
should have four e f f e c t s :  (1) the  producers of gas and o i l  are encouraged t o  
f ind  addi t iona l  sources ,  (2) t h e  users of these  convenient f u e l s  are motivated t o  
r e s t r i c t  t h e i r  consumption, (3) c o a l  mine opera tors  a r e  inc l ined  toward opening 
more Conventional mines and (4) concepts far nl ta rnat ivn  O n P V z p  an**v.cn- ?:E'. 22 
underground coal conversion become more a t t r a c t i v e  f o r  s e r i o u s  engineer ing evalu- 
a t i o n ,  

Some recent  

The r i s e  of concern f o r  t h e  h e a l t h  and s a f e t y  of the  miners is another  f a c t o r  
Not only have t h e  inf luenc ing  t h i s  renewal of  i n t e r e s t  i n  remote coa l  conversion. 

human c o s t s  of convent ional  mining been l a r g e  as represented by l o s s  of l i v e s  o r  
adverse e f f e c t s  on h e a l t h  but  economic c o s t s  of i n d u s t r i a l  acc idents  have proven 
considerable .  During t h e  summer of 1972 t h e  dreaded pneumoconiosis o r  "black lung" 
was the  subjec t  of a s u r v i v o r ' s  b e n e f i t s  b i l l  passed by the  U. S .  Government i n  the 
amount of one b i l l i o n  d o l l a r s .  The implementation of l e g i s l a t i o n  t o  p r o t e c t  the  
h e a l t h  and safe ty  of miners  r e f l e c t s  s o c i a l  and economic concern. 

The pol icy a l t e r n a t i v e s  f o r  e l imina t ion  of energy shortages have been severely 
r e s t r i c t e d  by environmental regula t ions .  
severe  f e d e r a l  r e s t r i c t i o n  and r i s k s  more r e g u l a t i o n s  on t h e  state and f e d e r a l  
l e v e l s .  
United S t a t e s ,  have not  been reclaimed properly,  S i l t a t i o n  of streams has r e s u l t e d  
and f i s h  have been k i l l e d .  S i l t  has  plugged channels and backed up waters  t o  flood 
a r e a s  previously a v a i l a b l e  f o r  r e c r e a t i o n  and farming. I n  regions containing high 
s u l f u r  c o a l ,  the streams have become a c i d i c ;  and a d d i t i o n a l  aquat ic  l i f e  is  k i l l e d .  
Publ ic  ou t rage  has  been p r e d i c t a b l e .  

Surface o r  s t r i p  mining of coa l  is under 

The s p o i l  banks which r e s u l t  from s t r i p  mining, p a r t i c u l a r l y  i n  t h e  eas te rn  

The need f o r  new technology t o  extend the  coa l  reserves  of the  Nation does not  
____ I..--_ .. ..". ..015 L.A8.. ALIUU-LLLPA y r ~ u i r r y .  k m e u t i c  coa i  reserves  
have been var iously est imated but  usua l ly  are deemed capable of s u s t a i n i n g  present  
t o t a l  n a t i o n a l  energy demands f o r  800 t o  4000 years .  
u t i l i z e  c o a l  resources  which a r e  p r e s e n t l y  uneconomical to mine, however, would 
extend t h e  recoverable energy from a given proper ty  and might therefore  be worth 
an i n t e n s i v e  research and development e f f o r t ,  
c lude  those which a r e  low i n  s u l f u r  and a r e  too deep o r  too t h i n  f o r  e x p l o i t a t i o n  
by p r e s e n t l y  a v a i l a b l e  methods. 

nr.-.l.al.l.. -I.-..l .l  I----- - L J - L  * -J . . - - - l  - 3  - - *  * .  

New technology t o  

The seams of p a r t i c u l a r  i n t e r e s t  in-  

Remote underground c o a l  mines have been developed i n  northern Europe. As a 
r e s u l t ,  t h e  industry t h e r e  has  become even more increas ingly  c a p i t a l  i n t e n s i v e .  
One drawback t o  t h i s  alternative i n  t h e  United S t a t e s  is t h a t  the  coa l  mining 
i n d u s t r y  has  had d i f f i c u l t y  i n  borrowing s u b s t a n t i a l  amounts of money f o r  long 
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time per iods  a t  low i n t e r e s t  rates, 
w e l l  known and segment5 of t h e  o i l  i ndus t ry  en tered  t h e  coal  mining indus t ry ,  ac- 
q u i s i t i o n  of equ i ty  c a p i t a l  had a l s o  been d i f f i c u l t .  
purchase has been t raced  t o  u n c e r t a i n i t i e s  over  o i l  import po l i cy  and environmental 
regula t ions .  Futhermore, t h e  European concept r equ i r e s  men underground f o r  equip- 
meqt maintenance. 
the  a c c e p t a b i l i t y  of undergrpund mining f o r  rap id  implementation under e x i s t i n g  work 
r u l e s  and union con t r ac t s .  

Un t i l  the  recent  shor tages  of energy became 

Some re luc t ance  f o r  s tock  

F i n a l l y ,  some ques t ions  have been r a i sed  i n  t h i s  country about 

With t h e  changes i n  economic and s o c i a l  c l imate ,  t h e  United S t a t e s  Bureau of 
Plineg in cqopgrat ion with a subs id ia ry  of  t h e  Union P a c i f i c  Rai l road has  reopened 
development work on underground c o a l  gas i f i ca t ion .  

Histo% - 
The f i r s t  re fe rence  t o  underground c o a l  g a s i f i c a t i o n  is dated 1868. ( l )  The 

mqpt ex tens ive  e f f o r t  occurred i n  t h e  Sovie t  Union from t h e  1930's t o  about 1960. 
Premier S t a l i n  had apparent ly  promised t h e  miners some r e l i e f  from d i f f i c u l t  working 
conditdons and had developed underground g a s i f i c a t i o n  technology i n  p a r t i a l  f u l -  
f;lllmen$ of h i s  promise, Some t i m e  a f t e r  S t a l i n ' s  death,  t h e  e f f o r t  was q u i e t l y  
dropped, probably because ex tens ive  o i l  and n a t u r a l  g a s  d i scover ies  made under- 
ground g a s i f i c a t i o n  uneconpmical. 

The most recent  tests i n  t h e  United S t a t e s  by t h e  Bureau of Ellnes have def ined  
two main problem aqeas.  
removed under cont ro l lqd  condi t ions .  
pus t  over lay  t h e  coa l  seam. 
product ion.  I n  most circumstances, t h i s  would requi re  e l e c t r i c a l  power generat ion.  
Since t h e  gqs from underground conversion technology has  had low hea t ing  va lue  
( l e s g  than 100 BTU/SCF). 
No previous publighed wqrk i n  undergroupd conversion of c o a l  t o  l i q u i d  has  been 
found , 

The product gas  must be  confined t o  t h e  r eac t ion  zone and 
This impl ies  t h a t  an  impervious bed of rock 

The product gas  must be  use fu l  f o r  high value energy 

The need is obvious f o r  technology t o  upgrade t h e  product .  

I ssues  
-7 

Undergroupd c o a l  l i que fac t ion  concepts  inc lude  s e v e r a l  which are adapted from 
underground c o a l  g a s l f i c a t i o n .  I n  the  b l i n d  borehole-backfi l l  system f o r  under- 
grpund gas i f ipa t ion ,  a simple w e l l  is d r i l l e d  v e r t i c a l l y  t o  t h e  c o a l  seam and then 
ho r i zon ta l ly  fop some d i s t ance  through t h e  c o a l .  The w e l l  is then doubly piped by 
a smaller diameter p ipe  wi th in  a l a r g e r  one, Reactants  are introduced through t h e  
c e n t r a l  p ipe  and products  a r e  withdrawn through t h e  ou te r  annulus. The p ip ing  system 
is withdrawn as coa l  is used up, A void is produced by c o a l  removal and t h e  empty 
volume is f i l l e d  with a water o r  s o l i d  waste  rock f i l l  material. The b l ind  borehole- 
b a c k f i l l  system has been recommended f o r  t h i n  coa l  seams by t h e  USBM repor t  on under- 
ground c p a l  gas i f i cq t ion .  

For somewhat thickeF seams, the  branched borehole-backf i l l  system has been 
vif jual ized.  
r e q c t a n t s  can be  admit ted i n t o  t h e  bottom of  a seam and products  withdrawn from t h e  
top. 

The borehole  is branched a f t e r  en te r ing  t h e  c o a l  seam so t h a t  t h e  

Proper domhole  b a f f l i n g  arrangements a r e  requi red .  

Very th i ck  seams lend themselves t o  t h e  v e r t i c a l  b l ind  bo reho le - f i l l  system 
during which t h e  concent r ic  feed and product p ipes  a r e  withdrawn v e r t i c a l l y  upward 
as t h e  coa l  is produced, F i l l  from t h e  feed  p ipe  o r  another  p ip ing  system read i ly  
accumulates i n  t h e  exhausted vplume. Each of t h e  s i n g l e  borehole  systems has  a 
m y l t i p h  borehole counterparq.  

Use of a s i n g l e  w e l l  f o r  feed reactants and f o r  withdrawal of products  obvia tes  
Boreholes can be  connected under- the  need f o r  connecting sepa ra t e ly  d r i l l e d  wells, 

ground by hydraul ic  f r a c t u r i n g ,  explosive f r a c t u r i n g  and var ious  modi f ica t ions  of  
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d r i l l i n g  o r  e lec t ro- l ink ing .  
gas  and petroleum f i e l d  e x p l o i t a t i o n  and underground coal g a s i f i c a t i o n .  Their  
p a r t i c u l a r  disadvantage f o r  use i n  underground c o a l  conversion systems lies in 
the r e l a t i v e l y  rap id  exhaust ion of t h e  hydrocarbon r e s e r v o i r  and the  need f o r  re- 
peated p r a c t i c e  of the l i n k i n g  procedure. 

Some of these techniques have been successfu l  f o r  

In remote mining schemes, t h e  del ivery of h o t ,  hydrogen-donor so lvent  t o  t h e  
c o a l  is a necess i ty .  
while  s t i l l  hot  i n t o  t h e  r e a c t i o n  zone underground, 

The so lvent  i s  hydrogenated convent ional ly  and introduced 

One of  t h e  p r i n c i p a l  problems underground is  t o  maintain t h e  s o l u t i o n  temper- 
a t u r e  in t h e  r e a c t i o n  zone. The t o t a l  heat  to  b e  suppl ied provides (1) t h e  hea t  
of vapor iza t ion  f o r  t h e  s o l v e n t ,  (2) the  energy t o  p r e s s u r i z e  t h e  so lvent  vapor 
in t h e  r e a c t i o n  zone i n  o r d e r  t o  prevent  excessive v o l a t i l i z a t i o n  of the  l i q u i d  
s o l v e n t  and t o  a c t i v a t e  t h e  so lvent  f o r  the hydrogen t r a n s f e r  r e a c t i o n ,  (3) the  
a c t i v a t i o n  energy f o r  t h e  coal s u r f a c e  so that t h e  r e a c t i o n  may proceed a t  an 
adequa:a r a t a ,  { r i )  losses ;a t h e  sui iounding rock, and f i n a l l y  ( 5 )  l o s s e s  incurred 
when the reac t ion  zone has  passed and f i l l i n g  o r  f looding occurs .  

The r e a c t i o n  i t s e l f  is considered t o  proceed through a t  least two important 
thermal s t a g e s .  F i r s t ,  t h e  coa l  s t r u c t u r e  i s  thermally a c t i v a t e d  so t h a t  p y r o l y t i c  
cracking o r  chain breaking of  hydrocarbons occurs .  La ter ,  hydrogen atoms a r e  re- 
leased  from t h e  donor s o l v e n t  and added t o  t h e  c o a l  f ragments . .  Between the  f i r s t  

and so lvent  form a viscous composite with high r e s i s t a n c e  t o  flow, The advantages 
of maintaining o r  e s t a b l i s h i n g  l o w  s l u r r y  v i s c o s i t i e s  are obvlous so t h a t  removal 
of c o a l  is b e s t  e f f e c t e d  e i t h e r  before  o r  a f t e r  t h e  g e l a t i o n  s t e p .  

. .  . . * - .--..--. . rscvr.2 p L i P S  .saCL.w,. Lup, vbcui. Z u r i r i ~  Ss'aLAuii \ - -a>u LLIS cuai 

Fur ther  Se t  of Issues Involved 

The design of an underground l i q u e f a c t i o n  process  r e q u i r e s  d e f i n i t i o n  of 
(1)  t h e  types of c o a l  seam most l i k e l y  t o  b e  leached o r  l i q u e f i e d  by the  phys ica l  
arrangements suggested above and (2) the  so lvent  o r  s l u r r y  material which would be 
most e f f e c t i v e .  Work was undertaken a t  West Virgin ia  Universi ty  t o  def ine  t h e  be- 
h a v i o r  of d i f f e r e n t  types of  c o a l  monoliths exposed t o  s e v e r a l  so lvents  under 
condi t ions  poss ib le  f o r  achievement underground. 

Apparatus and Procedure 

The test apparatus  w a s  a 750 m l  carbon steel autoclave f i t t e d  wi th  a Bourdon 
pressure  gauge and a thermocouple w e l l .  
arrangement, Gas i n l e t  and e x i t  l i n e s  permitted the  autoclave t o  be f lushed with 
n i t rogen .  
burner .  
of 270 - 280°C was used f o r  one series of experiments. 

Closure was e f f e c t e d  by a gasket and f lange 

No hydrogen was used. Heat was suppl ied  by a l a r g e  labora tory  Bunsen 
Reproducibi l i ty  of hea t ing  rate is, seen in Figure 1. A f i n a l  temperature 

Procedure cons is ted  of c u t t i n g  on a mechanical saw a 1" x 1" x 1 114'' monolith 
of t h e  coal  type t o  be t e s t e d .  Coals included a n  Oklahoma semi-anthraci te ,  an 
I l l i n o i s  16 sub-bituminous, and an Alabama l i g n i t e ,  Typical chemical analyses  a r e  
shown in Table 1. Afrer  being c u t ,  the  c o a l  was c a r e f u l l y  placed i n t o  the  autoclave 
and 250 m l  of  so lvent  was added. Solvents  included var ious  c u t s  of anthracene o i l  
(Table 2 ) .  and one commercial motor o i l  (SAE 30). The autoclave was sealed,  flushed 
with n i t rogen ,  and heated by means of t h e  burner ,  Figure 2 shows t h e  pressure  and 
temperature f o r  a run with  I l l i n o i s  #6 coal i n  anthracene o i l  so lvent .  
shows a similar run wi th  SAE 30 motor o i l  so lvent .  

Figure 3 
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Resul ts  

The c o a l  reac ted ,  cracked, crumbled, o r  d i sso lved  t o  a g r e a t e r  deeree i f  ex- 
posed t o  r e a c t i o n  condi t ions  f o r  a longer  t i m e  o r  a t  a higher  tempera ture .  
series of run a t  t h e  same t i m e  and temperature t h e  coa ls  reac ted  increas ingly  from 
semi-anthracite t o  l i g n i t e  to  sub-hi tminous.  
the  hydrogen donor anthracene o i l  w a s  more r e a c t i v e  than motor oil. The motor o i l  
was q u i t e  unreact ive.  

For a 

When d i f f e r e n t  so lvents  were used 

Recycled anthracene o i l  l o s t  r e a c t i v i t y .  

The c o a l  was  observed t o  f r a c t u r e  a t  t h e  planes of least  r e s i s t a n c e  vhich 
a r e  t y p i f i e d  hy t h e  j o i n t  and bedding p lan ts .  
c ludes bedding and cleavage planes he lps  in phys ica l  breal;dov~n of t h e  sample. 
j o i n t s  and hedding planes open, the  f l u i d  is a b l e  t o  p e n e t r a t e  deep i n t o  tho sample 
causing rap id  d i s i n t e g r a t i n g  of the  coal. 

The s t r u c t u r e  of c o a l  which in- 
As 

\ 

I n t e r p r e t a t i o n  of Reactions 

preted from the  IJork of Severson e t  a l . ( 2 r  Coal s o l u b i l i z a t i o n  most r a p i d l y  proceeds 
i n  a so lvent  which has a high h o i l i n g  poin t ,  the  a b i l i t y  t o  donate hydrogen, a 
r e l a t i v e l y  high d ipole  @loment, h e t e r o c y l i c  atoms and r i n g  s t a h i l i t y .  
during one o r  two cyc les ,  anthracene o i l  exhausts  i t s  a v a i l a b l e  hydrogen and 
l o s e s  the  a b i l i t y  t o  donate u n t i l  t h e  hydrogen has been replenished.  
e f f e c t  with the  motor o i l  is somewhat more d i f f i c u l t  t o  eva lua te  unequivocally. 
The high vapor pressure  exhib i ted  a t  r e a c t i o n  temperature suggests  t h a t  t h e  so lvent  
w i l l  be present  i n  low concent ra t ion  wi th in  t h e  r e a c t i o n  zone. More s i g n i f i c a n t l y ,  
the  s a t u r a t e d  s t r u c t u r e  of t h e  hydrocarbon makes t h e  motor o i l  a poor hydrogen 
r e l e a s i n e  so lvent .  

The e f f e c t s  of d i f f e r e n t  so lvents  u on t h e  r a t e  of t h e  r e a c t i o n  can be i n t e r -  

Apparently 

The l a c k  of 

The grada t ion  i n  r e a c t i v i t y  which was seen wi th  t e d i f f e r e n t  coa l  ranks may 
b e  i n t e r p r e t e d  i n  t h e  l i e h t  of suggest ions by 
tures ,  represented by Wender as analogous t o  fused carbon r i n e  systems, were 
v isua l ized  as s u b s t a n t i a l l y  aromatic  bu t  with occas iona l  s a t u r a t e d  r ings .  
system was jo ined  by oxygen br idges t o  ad jacent  s t r u c t u r a l  un i t s .  
as  d i f f i c u l t  to  t h e r n a l l y  c rack  (300 - 375OC) because of ex tens ive  oppor tuni t ies  
f o r  resonance and as d i f f i c u l t  t o  hydroeenate rap id ly  f o r  t h e  same reason. 
l ike l ihood of easy d i s s o l u t i o n  vas  t h e r e f o r e  not  con.3idered grea t .  

Semi-anthracite s t ruc-  

This 
These were seen 

The 

A similar a n a l y s i s  of chemical s t r u c t u r e s  f a i l s  t o  d i s t i n g u i s h  t h e  s o l u b i l i t y  
of bituminous coa l  from t h a t  of l i g n i t e .  
noted t h a t  l i g n i t e  f a i l s  t o  d i s s o l v e  a s  ex tens ive ly  o r  a s  r a p i d l y  as bituminous 
coal. 
weight of the  s t r u c t u r e  may form a b a r r i e r  to prevent  access  by s o l v e n t  to t h e  
i n t e r n a l  g r a i n  s t r u c t u r e .  

H i l l  e t  a1.(6) analyzed t h e  k i n e t i c s  and mechanism of s o l u t i o n  of a high 
v o l a t i l e  bituminous c o a l  and presented f i v e  ways i n  which t h e  r e a c t i o n  might pro- 
ceed. These include:  (1) disso lv ing  o u t  of included materials, (2) d i s s o l u t i o n  of 
t h e  c o a l  s t r u c t u r e  i n  t h e  presence of a l a r g e  volume of so lvent ,  (3) d i f f u s i o n  Out 
of t h e  micropores, (4) hydrogen t r a n s f e r  r e a c t i o n s  and (5) so lvent  imhihi t ion.  
Applicat ions were discussed f o r  t h e  o r d e r  of t h e  r e a c t i o n  with respect t o  t h e  
coa l  and wi th  respec t  t o  t h e  so lvent .  
t h a t  l i t t l e  swel l ing occurred. 
work where gross  volume increases  of about t h r e e  t i m e s  were observed i n  t h e  c m e  
of the  I l l i n o i s  Seam 116 sub-bituminous coal. 

E a r l i e r  w o r k ( 4 ~ 5 )  has, however, 

The l i g n i t i c  s t r u c t u r e s  i n  l i g n i t e  which comprise up t o  50 percent  by 

The d iscuss ion  proceeded on t h e  a s s m p t i o n  
This assumption was not v e r i f i e d  i n  t h e  p r e s e n t  

The t e n t a t i v e  conclusion based on a p p l i c a t i o n  of the  t h e o r i e s  of IJender and 
The of H i l l  t o  the  present  research  is t h a t  t h e  c o a l  imbibes so lvent  and s w e l l s .  
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swe l l ing  is accompanied by a c lose  a s soc ia t ion  of coa l  and so lven t  and a t r a n s f e r  
of hydrogen t o  the cohesive s t r u c t u r e s  between t h e  micelles o r  mic rop la t l e t s  of  
c o a l .  The cohesive s t r u c t u r e  is weakened; t h e  c o a l  forms fragments,  and t h e  a c t i o n  
of g rav i ty  o r  f l u i d  turbulence removes t h e  coa l  fragments from t h e  immediate 
v i c i n i t y  of t he  coa l  face .  

Implicat ions f o r  Underground Liquefact ion 

The implicat ions of t h i s  proposed mechanism upon t h e  conceptual design of an 
underground l ique fac t ion  process  appear s i g n i f i c a n t .  
n o t  be completed underground; t he  r eac t ion  may begin underground and be completed 
a t  t h e  su r face .  I f  t he  v e r t i c a l  borehole scheme is u t i l i z e d  (Figure 4 )  t h e  pro- 
cess might b e  as follows. The borehole is d r i l l e d  through the  t h i c k  coa l  seam 
a n d  a h o t ,  hydrogen donor so lven t  is introduced i n t o  t h e  bottom o f  t h e  borehole.  
The so lven t  is maintained under p re s su re  t o  reduce so lven t  vaporizat ion and t o  
l i m i t  t h e  r eac t ion  zone as much a s  poss ib l e  t o  the  bottom of t h e  c o a l  seam. After  
some coa l  h a s  reacted and h a s  f a l l e n  from the f a c e  of t h e  seam, t h e  recovery s t e p  
i s  begun. Solvent ,  now a s l u r r y  medium, under tu rbu len t  flow cond i t ions  is i n t r o -  
duced t o  suspend coa l  fragments and c a r r y  t h e  fragments t o  the  su r face .  After  
s i g n i f i c a n t  void volume is produced, t he  so lven t  volume would become too g rea t  f o r  
economy. Water would b e  introduced t o  f lood the  void and t o  f l o a t  t h e  so lven t  up- 
W ~ L ;  asai i is~ ~ i r a  unreaccea segmenr: or tne c o a l  seam. The loosened c o a l  could b e  
co l l ec t ed  pe r iod ica l ly  i n  t h e  tu rbu len t  stream as be fo re  o r  could b e  co l l ec t ed  
continuously with water as t h e  s l u r r y  medium. A t  t h e  s u r f a c e  the  coa l  fragments 
would be separated by f i l t r a t i o n  from the  water s l u r r y  medium o r  i f ,  i n  a so lven t  
s l u r r y ,  would be admitted i n t o  the  pretreatment  s t e p  of t h e  complete l i q u e f a c t i o n  
process  a t  t h e  surface.  

The d i s s o l u t i o n  of coa l  need 

Host Rock 

The h o s t  rock would b e  of s p e c i a l  importance in t h i s  conceptual design. The 
hos t  rock would necessa r i ly  b e  impervious t o  loss of  vapor from t h e  so lven t  o r  to  
seepage outward of hydrogen donor so lven t  and water flood. Moreover, t h e  hos t  
rock should be unreactive when exposed t o  t h e  thermal shocks and high thermal gradi-  
ents.  Some sha le s  may r e a c t  with h o t  water or solvent .  Af t e r  swe l l ing  and s p a l l i n g  ' 
t h e  s h a l e  p a r t i c l e s  would b e  c a r r i e d  away with t h e  coa l  and con t r ibu te  t o  a high 
l e v e l  of  waste mineral ma t t e r  i n  the  subsequent process .  Considerable disadvantage 
is apparent  i n  t h i s  c a s e  s i n c e  d i s p o s a l  o f  mineral  waste can b e  inconvenient and 
expensive.  Poss ib ly ,  the carbon content  of t he  h o s t  rock could b e  ex t r ac t ed  t o  pay 
for t h e  d i sposa l  of t he  a d d i t i o n a l  mineral  matter. More l i k e l y  i n i t i a l  tes ts  would 
b e  performed on coa l  seams with unreact ive h o s t  rock. 

Surface subsidence and minor seismic shock e f f e c t s  are experienced with most 
mining techniques.  I n  t h e  p re sen t  concept their  abatement can be planned. The 
process would be designed t o  include access w e l l s  so placed as t o  permit coa l  p i l l a r s  
to remain and t o  support  t h e  roof.  
duct ion o f  so lven t  leakage and r e s t r i c t i o n  o f  t h e  areas i n t o  which coal fragments 
might f a l l  and from which coal p a r t i c l e s  could be recovered. 

Secondary b e n e f i c i a l  e f f e c t s  i nc lude  t h e  re- 
' 

Sumnarx 

Even i n  the  absence o f  hydrogen seve ra l  coa l  types undergo a swe l l ing  and 
s p a l l i n g  r eac t ion  e a r l y  i n  their  l i q u e f a c t i o n  r eac t ion  with hydrogen donor so lven t s .  
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The coal8 increase the ir  react iv i ty  i n  the  order semi-anthracite, l i g n i t e ,  and 
sub-bitminous. 
reaction. To u t i l i z e  these observations a concept i s  presented which may lead 
to  an underground coal l iquefact ion process. 

Increased temperature and reaction t i m e  increase the extent of 
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TABLE 1 

COAL ANALYSES 

Oklahoma (Semi-anthraci te) 

Moisture X - 
Volatile Matter 17.3 
Ash 7.6 
Fixed Carbon - 
LzaLi i ig  Vaiue incui 

1 15,570 

Illinois Numher 6 (Suh-bituminous) 

Moisture % 14.7 
Volatile Matter 37.2 
Ash 15.7 
Fixed Carbon 47.1 
Heating Value @tu/ 

# 1 9980 

Alabama (Lignite) 

Moisture % 37.8 
Volatile Matter 40.8 
Ash 11.1 
Fixed Carbon - 
Heating Value (Btu/ 

!J! V , " l "  
0 nrn 

S 
H 
C 
N 

s 
H 
C 
N 

0.6 
4.2 
83.8 
1.2 

92.4 

4.5 
4.4 
66.1 
1.2 

8.1 

1.1 
4.3 
64.5 
1.0 

i6.0 

i 

1 

1 
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TABLE 2 

FRACTIQNATI(IN OF CRUDE ANTHRACENE O I L  IN NITROGEN ATMOSPHE;W 

Light 8nds  

Middle Fraction 

Heavy Ends 

Roiline Range Volume z 

Amhient - 300°C 48 38.1 

" C  ml By Volume 

300°C - 400'C 58 46.1 

1 4 . 6  400°+C - 18 - 
124 1oo.n 
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